2005
). This may not be the case in palms, as at least at the individual level, for two (Renniger et al., 2009; Renninger et al., 2010) . 26 Water use patterns over a gradient of plantation age to our knowledge have not yet been 27 studied for oil palms. Water use could increase or decline with increasing stand age or could 28 remain relatively stable from a certain age. Reasons for declining water use at a certain age 29 include decreasing functionality of trunk xylem tissue with increasing age due to the absence 30 of secondary growth in monocot species (Zimmermann, 1973) , a variety of other hydraulic 31 limitations (see review of dicot tree studies in Ryan et al., 2006) and increased hydraulic 32 resistance due to increased pathway length with increasing trunk height (Yoder et al., 1994) . 33 However, for Mexican fan palms (Washingtonia robusta Linden ex André H Wendl.), no 1 evidence of increasing hydraulic limitations with increasing palm height was found 2 (Renninger et al., 2009) . Reasons for potentially increasing water use in older plantations e.g. 3 include linearly increasing oil palm trunk height with increasing palm age (Henson and 4 Dolmat, 2003) . As trunk height and thus volume increase, internal water storages probably 5 also increase, possibly enabling larger (i.e. older) oil palms to transpire at higher rates 6 (Goldstein et al., 1998; Madurapperuma et al., 2009) . Additionally, increased stand canopy 7 height is expected to result in an enhanced turbulent energy exchange with the atmosphere, 8 i.e. a closer coupling of transpiration to environmental drivers, which can facilitate higher 9 transpiration rates under optimal environmental conditions (Hollinger et al., 1994; Vanclay, 10 2009). The mentioned reasons for possibly increasing and decreasing water use with 11 increasing plantations age, respectively, could also partly outbalance each other, or could be 12 outbalanced by external factors (e.g. management related), potentially leading to relatively 13 constant oil palm transpiration with increasing plantation age.
14 To investigate the water use characteristics of oil palm stands of varying age, we derived leaf-
15
, palm-and stand-scale transpiration estimates from sap flux density measurements with 16 thermal dissipation probes (TDP; Granier, 1985) in 15 different stands (2-25 years old) in the 17 lowlands of Jambi, Sumatra, Indonesia. We used the oil palm specific calibration equation 18 and field measurement scheme recently proposed by Niu et al. (2015) . Additionally, in two of 19 these stands (two and 12 years old) we used the eddy covariance technique (Baldocchi, 2003) 20 to derive independent estimates of evapotranspiration rates. For comparative purposes, the 21 measurements were conducted under similar environmental conditions and partly 22 simultaneously. Our objectives were (1) to derive transpiration rates of oil palms in stands of 23 varying age, (2) to estimate the contribution of palm transpiration to total evapotranspiration, 24 and (3) to analyze the influence of micro-meteorological drivers on oil palm water use. The 25 study provides some first insights into the eco-hydrological characteristics of oil palms at 26 varying spatial (i.e. from leaf to stand) and temporal (i.e. from hourly to daily) scales as well 27 as first estimates of oil palm stand transpiration rates and their contribution to total 28 evapotranspiration. It assesses some of the potential hydrological consequences of oil palm 29 expansion on main components of the water cycle at the stand level. The field study was conducted in Jambi, Sumatra, Indonesia (Fig. 1) . Between 1991 and 3 2011, average annual temperature in the region was 26.7 ± 0.2 °C (1991-2011 mean ± SD), 4 with little intra-annual variation. Annual precipitation was 2235 ± 385 mm, a dry season with 5 less than 120 mm monthly precipitation usually occurred between June and September. 6 However, the magnitude of dry season rainfall patterns varied highly between years (data 7 from Airport Sultan Thaha in Jambi). Soil types in the research region are mainly sandy and 8 clay Acrisols (Allen et al., 2015) . We had research plots in a total of 15 different oil palm 9 stands (Table 1) , 13 of which were small holder plantations and two of which were properties 10 of big companies. The stands were spread over two landscapes in the Jambi province (i.e. the 
Sap flux measurements and transpiration

19
Following a methodological approach for sap flux measurements on oil palms (Niu et al., 20 2015), we installed thermal dissipation probe (TDP, Granier, 1985 constant with increasing age at around 1.3 mm day −1 (Fig. 3d) variables (see Fig. 3c and showed an early peak of sap flux density (10 to 11 am), which then decreased throughout the 6 rest of the day ( Fig. 4a and 4b , respectively).Thus, there was a varying and partly pronounced 7 hysteresis in the leaf-level response of transpiration to VPD (Fig. 4c) subtracting hourly transpiration from evapotranspiration rates), which closely followed VPD 8 until its 3 pm peak, but then declined rapidly. Generally, our comparison of eddy-covariance early peak of water use rates, however, they subsequently declined consistently throughout 31 the day, regardless of further increases of radiation and VPD (Fig. 4) transpiration between the two stands to a less than two-fold difference in evapotranspiration.
23
In the diurnal course, most oil palms showed a strong hysteresis between water use and VPD. show some spatial variations in (evapo)transpiration rates, e.g. due to varying age-structures 27 and stand densities, but the day-to-day variability of oil palm transpiration is rather low. 
